Abstract: An experiment was conducted to determine the effect of dietary factors on induction of fatty liver hemorrhagic syndrome (FLHS) and its diagnosis methods with use of selected serum enzymes on Hy-line W-36 hens. The experiment was conducted in completely randomized design with 6 treatment groups and 4 replicates each with ten hens from 94 to 106 wk of age. Three 28-d periods used for different dietary factors including:1) Control (C); 2) Low methionine (LM); 3) Low linoleic acid (LLA); 4) High energy (HE); 5) Low methionine, linoleic acid, choline and high energy (LM-LLA-LCH-HE) and 6) Low choline (LCH). Feed intake, body weight, egg production (EP), egg weight, egg quality, serum and liver parameters were measured at the end of each 28-d periods. Overall feed intake was significantly (P<0.05) lower for the hens fed HE diets compared to the control. Overall egg weight was significantly (P<0.05) lower for the hens fed LM and LM-LLA-LCH-HE compared to the control. Overall Liver weight was significantly (P<0.05) higher for the hens fed LLA and LM-LLA-LCH-HE compared to the control. Liver hemorrhage score (LHS) was positively correlated (P<0.05) with liver weight. Serum enzyme activities including: aspartate aminoteransferase (AST), alanine aminoteransferase (ALT), lactate dehydrogenase (LDH) were not significantly affected by treatment groups. Although the AST enzyme activity was not significantly different, but it was numerically higher for all dietary treatments except HE diet. The results showed the effectiveness of dietary factors on induction of FLHS in laying hens. AST enzyme activity could be used for diagnosis of FLHS in laying hens.
Introduction

Materials and Methods
Fatty liver-hemorrhagic syndrome (FLHS) is a metabolic disorders that sporadically affects laying hens (Squires and Leeson, 1988) . The first sign of the syndrome is an increase in flock mortality, with birds in full production found dead (Butler, 1976) , and often a sudden drop in egg production occurs (Riddell, 1997) . Dead hens have large blood clots in the liver and ventral hepatoperitoneal abdominal cavities, and the liver is pale and friable with a color varying from a golden yellow to pale yellow or very pale brown (Fowler, 1996) . The diagnosis of FLHS is usually made from findings at necropsy (Grimes et al., 1991) . However, no definitive diagnosis criteria for FLHS have been outlined for use in live birds. Measurement of plasma enzyme activities indicative of liver damage in birds might help in the diagnosis of FLHS. I n experimentally induced liver damage in birds, plasma aspartate aminotransferase (AST) activity was found to be the most sensitive indicator liver damage, followed by plasma alanine aminoteransferase (ALT) and lactate dehydrogenase (LDH) activities (Lumeij, 1997) .The purpose of this study was to investigate whether selected serum enzyme activities, which are indicative of liver damage, can be used as diagnosis tools for FLHS in live laying hens.
Birds and diets:
Two hundered and fourty Hy-line W-36 hens were used in this experiment, which were 9 4 weeks of age, and continued for three 28-d periods. Ten hens were grouped house and shared a common feed trough between them, forming one experimental unit. There were 4 experimental units for each of the 6 treatment groups. Diets were formulated to meet the nutrient requirements for poultry (NRC, 1994) (Table 1) . The diets were:1) Control (C); 2)Control with low methionine (LM); 3) Control with low linoleic acid (LLA); 4) Control with high energy (3000 Kcal/kg) (HE); 5) Control with low methionine, linoleic acid, choline and high energy (LM-LLA-LCH-HE) and 6) Control with low choline (LCH).
Sample collection: Egg production was recorded daily and expressed monthly as eggs produced per hen per day. On the 2 d of each 28-d period, eggs were collected to measure egg weight, shell weight and shell thickness. Body weights were determined by weighting birds individually, at the start, and at the end of each 28-d period. Feed intake was determined at the end of each 28-d period. A three ml blood sample was taken from a wing vein artery at the end of each 28-d period from 2 birds of each treatment groups. The samples were The experiment was a completely randomized design, determined with commercial kits. Two birds of each and the experimental unit was the replicate consisting of treatment groups were humanly killed on d 28 of the five adjacently caged birds fed as one group. Data were experiment and the livers were carefully removed, analyzed using the general linear model procedure of weighed, and scored for liver hemorrhage by assigning SAS software (1992) . Mean values were compared by a a score from 0 to 3 with 0 indicating no hemorrhages; multiple range test (Duncan). The level of significance 1, up to 10 subcapsular petechial or ecchymotic was p<0.05. hemorrhages; 2, more than 10 subcapsular petechial or ecchymotic hemorrhages; and 3, massive liver hemorrhage (Diaz et al., 1999) . Liver samples from hens were taken for the determination of dry matter and fat content. The dry matter content was determined by ovendrying a preweighed sample. The lipid cotent was determined by extracting a grouped sample of ovendried liver in a soxhlet type extractor for 24 hr with ïC
Results and Discussion
Overall feed intake was significantly (p<0.05) lower in the hens fed treatment 4 compared to the control (Table 2) . This result was consistent with that of Harms et al. (2000) , who reported that hens fed a high energy diet consumed less feed than hens fed a control diet. Body weight was lower for all treatment groups throughout the experiment compared to the control but this (Table 3 ). In the other words, nutrients deficiency difference was not significant ( Table 2) . Decrease of including: methionine and choline can not be causes of body weight was expected with due to decrease of feed large different of egg production among treatments. intake and also induction of insufficient nutrients on the Overall egg weight was significantly (p<0.05) lower for 2 experiment. Body weight is a predisposing factor for and 5 treatments compared to the control (Table 3) . affected FLHS in laying hens. Egg production was not Reducing dietary methionine with or without choline significantly different among treatments, suggesting that caused decrease of egg weight. This result was i n overall egg production was not affected by treatments agreement with the previous report that egg weight was th th significantly affected by methionine and choline (Keshavarz, 2003) . Overall eggshell quality was not affected by treatments (Table 3) . Overall liver weight was significantly (p<0.05) higher for the hens fed 3 and 5 th th treatments compared to the control (Table 4) . Reducing dietary linoleic acid caused increase of liver weight. This is in support with results obtained by Hopkins and Nesheim, (1967) . In this experiment linoleic acid deficiency is used as a dietary factor on induction of FLHS that caused increase of liver weight. Liver hemorrhage score (LHS) was not significantly higher for all treatment groups (except treatment 4) compared to the control (Table 4) . Liver dry matter and liver percent fat were not affected by treatment groups (Table 4) . LHS was positively correlated with liver weight (p<0.05) ( Table 5 ).This is in support with result obtained b y Schumann et al. (2003) . Overall serum AST activity was numerically higher for all treatment groups (except treatment 4) compared to the control (Table 6 ). Normal birds had been reported serum AST activity up to 230 IU/L (Coles, 1986) . On this basis, serum AST activity was higher for the hens of all treatment groups compared to the normal birds (control). The results showed that increase of serum AST activity, liver weight and LHS can be indicative of FLHS. Also the use of AST enzyme activity can be helpful for diagnosis of FLHS in laying hens.
